[The Editors of the Biochemical Journal accept no responsibility for the Reports of the 
Proceedings of the Society. Abstracts of papers read are published as received from the author.] 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


School, Norfolk Place, Praed Street, Paddington, W.1, on Saturday, 9 May 1942, at 
12 noon, when the following papers were read: 


The Synthesis and Standardization of Sodium Resazurate for testing the 
Hygienic Quality of Milk. By W. Baxer, J. G. Davis, W. G. Lezns, P. Ox.ey, 
W. F. Sort, R. Twice and D. W. Watson 


Resazurin may be synthesized by allowing nitric acid containing nitrous acid to act 
upon resorcinol in cold, dilute ethereal solution, or, by the oxidation of an equimolecular 
mixture of resorcinol and nitrosoresorcinol, with manganese dioxide and sulphuric acid 
in a suitable solvent such as aqueous acetone.* 


0 


The sodium salt is finally precipitated from strong sodium carbonate solution. Bacterial 
and tissue cells in milk reduce resazurin (I) to resorufin (IL) and ultimately to dihydro- 


The 220th Meeting of the Biochemical Society was held at St Mary’s Hospital Medical 
resorufin (IIT). 


The greater the bacterial and cell population, the faster is the dye reduced.t The best 
commercial preparations are sodium resazurate and contain about 60% pure (I), the 
residue being chiefly sodium carbonate and a little (I1) and organic impurities. The test 
is carried out at a concentration of 1 in 200,000 of the 60% preparation in milk; doubling 
or halving the concentration introduces a just significant error { so that small variations 
in concentration (10 or 20%) are not important. 

The Tintometer disk § measures the change from (I) to (II) in 5 stages and the error in 
measurement is about +4 disk reading, equivalent to 10% (IL). Some preparations on 
the market contain considerable amounts of (II), which is the most important impurity. 
The following standards are suggested : 

(1) A content of 60+3% free resazurin. 

(2) The content of (II) not to exceed 3%. 

(i) a 
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(3) To give a water-clear solution on reduction in alkaline solution (0-05 %). 

(4) To give in fresh normal mixed Shorthorn milk of 3-4% fat in a concentration 
of 1 in 200,000 a Tintometer disk reading of not less than 6. 
(5) To be free from any substances stimulating or inhibiting bacterial growth in the 
concentration used. This can be ascertained by measuring the rates of acid formation 
at 37° C. 

Resazurin is most easily purified by repeated precipitation of the sodium salt from 
saturated sodium carbonate solution. 

* This method of preparation is based on a publication of Nietski (Ber. disch. chem. Ges. 1891, 24, 3368) 
and is the subject of British provisional patent application 4448 '42 in the names of Boots Pure Drug Co. Ltd., 


-P. Oxley and W. F. Short. 
+ Davis [1939]. Food Manuf. 14, 196. 
t Davis & Thiel [1939]. Proc. Soc. Agric. Bact. p. 35. 
§ Davis & Thomas [1940]. Dairy Ind. 5, 244. 


The Digestibility of Mixed Food. By Orro Kestner (introduced by F. G. Hopxrys) 


The time food runs through the stomach and the intestine depends upon the pH, 
because acid reaction in the small intestine closes the pylorus and causes the same reflex 
in the whole length of the small intestine. Therefore, the speed of the transport along the 
intestine and the digestibility of food depends upon the quantity of gastric juice secreted 
upon the different foodstuffs. Meat causes the highest secretion and some meat added to 
bread or potatoes improves the absorption. This is shown 

(1) In determination of the time of transport of bread with and without meat in dogs 
with fistula of the intestine. 

(2) In determination of the pH in different parts of the intestine of rats with standard 
food with and without meat. 

(3) In determination of the digestibility of bread in men with and without meat. 

The results are shown on lantern-slides. 


Nitrogen Retention and the Diabetogenic Action of Anterior Pituitary Extract. 
By F. G. Youne 


When a normal dog, which is in nitrogen equilibrium and consuming a constant daily 
amount of meat just sufficient to maintain body weight, is given daily injections of a 
diabetogenic pituitary extract, its body weight rises and nitrogen is retained, whether or 
not a diabetic condition develops. The rise in body weight and the severity of the diabetes 
tend to be inversely related, and if the diabetes becomes sufficiently intense, nitrogen 
retention is replaced by nitrogen loss. 

During the first week of treatment the gain in body weight is approximately that 
expected if the nitrogen is retained in the form of muscle tissue, but subsequently the gain 
may be greater than that calculated from nitrogen retention, and extensive deposits of 
fat may be found at autopsy. 

These observations necessitate the assumption, which is being tested experimentally, 
that the Metabolic Rate (though not necessarily the B.M.R.) is diminished by treatment 
with the extract. Such a diminution may be ascribed, in part at least, to decreased 
spontaneous activity. The carbon which the body fails to oxidize because of the diminished 
metabolic rate, may appear either as extra body tissue or as excreted sugar, according 
to the activity of the pancreatic islets [cf. Young, 1941,* 19427]. 


* Young, F. G. [1941]. Brit. med. J. 2, 897. tT Young, F. G. [1942]. J. Physiol. 100, 19 P. 
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The Specificity of the Lecithinase present in Cl. welchii Toxin. By M. G. 
MACFARLANE 


It has been shown previously that the toxic culture filtrates of Cl. welchii contain an 
enzyme W hich decomposes lecithin into phosphocholine and a diglyceride ; this lecithinase 
is probably identical with the «-toxin, the lethal and haemolytic factor predominant in 
Cl. welchii, Type A, toxins.* The action of the toxin on kephalin and sphingomy ote has 
now been investigated. 

Aqueous emulsions of crude egg lecithin and of crude and purified brain kephalin were 
treated with a Cl. welchii toxin at pH 7-2 and 37° until there was no further liberation 
of acid-soluble P. The proportion of the total lipin P hydrolysed was 78%, 22% and nil 
for egg lecithin, crude and purified kephalin respectively. The egg lecithin contained 22 %, 
of the N as amino-N but gave no ninhydrin reaction, while the crude kephalin contained 
83 % of the N as amino-N and 22% as g-amino N. It is concluded that the lecithinase 
does not attack either the aminoethanol or the serine form of kephalin. 

At least 70 % of the total P in the sample of sphingomyelin examined was liberated by 
the action of Cl. welchii toxin as a water soluble monophosphoric ester, presumably 
phosphocholine. The hydrolysis products were not further identified. The rate of hydrolysis 
of sphingomyelin is considerably slower than that of lecithin in the same conditions but 
it seems probable that the reaction is due to the same enzyme. 

* Macfarlane & Knight [1941]. Biochem. J. 35, 884. 


The Lecithinase Activity of Cl. oedematiens Toxins. By M. G. MacraRLaNne 


Occasionally samples of Cl. oedematiens toxin have been found to contain a lecithinase 
similar in action to that found in Cl. welchii toxins. The enzymic activity was much lower 
(1/50 or less) per unit weight than that of Cl. welchii, Type A, toxins, though the lethal 
dose was of the same order. The enzymic activity was inhibited by the homologous 
antitoxin, but not by Cl. welchii antitoxin, while the lecithinase of Cl. welchii toxins was 
not inhibited by Cl. oedematiens antitoxin. The ratio antilecithinase/International units 
antitoxin per ml. serum’ was found to be of the order 1: 500 for the Cl. oedematiens 
antitoxic sera examined, whereas the ratio is approximately 1:1 for Cl. welchii, Type A, 
antitoxic sera; the antilecithinase activity was determined on the same biochemical basis, 
i.e. 50% reduction in the hydrolysis by 2 enzyme units in presence of 0-04 antilecithinase 
units. 


The Production of Rennet from Living Calves. By N. J. Berrines, J. G. Davis, 
P. M. Kon, S. K. Kon, F. R. SprRatTLiIne 


Abomasal juice containing rennin was obtained from living calves by means of an 
abomasal fistula as described by Fomin,* in order to ascertain whether the process could 
be used as an alternative method of manufacturing rennet, should the present curtailed 
sources fail completely. 

The operation for fistula was performed on the calves at the age of about a fortnight 
by the technique of Phillipson and Innes. The animals received during the three months 
for which the experiment lasted, an exclusive diet of whole milk, supplemented by minerals 
and vitamin D. Although only two calves were used we feel that the results are never- 
theless of interest. 

Abomasal juice was obtained by allowing them to drink diluted whey and removing it 
through the fistula after about half an hour. The mean yield of rennin for each ‘ perfusion’ 
from the first calf was 3120 units with a standard deviation of + 1330. The corresponding 
figures for the second calf were 5680 and +2560 respectively. (One unit of rennin clots 


— 
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10 ml. of substrate in 100 sec. The substrate is made by dissolving 12 g. spray-dried skim 
milk powder in 100ml. N/50 calcium chloride solution.) 

The abomasal juice of a young calf had a maximum proteolytic activity at pH 3-4. 
Other properties of the juice and the concentrated rennet prepared from it were investi- 
gated. Cheese made with the fistula rennet was indistinguishable from the control 
cheese. 

Since dried abomasa contain as much as 30-40 thousand units each, the method of 
Fomin appears to be too expensive in time, labour and cost of food for use in rennet 


production in this country. 


* Fomin, D. [1939]. Molochno Maslodel ’Naya Prom. No. 9, p. 16. 
{ Phillipson, A. T. & Innes, J. KR. M. [1939]. Quart. J. exp. Physiol. 29, 333. 


Structure and the Local Activity of Oestrogens. By C. W. Emmens (introduced by 
A. ParKgs) 


Some oestrogens, given intravaginally to spayed mice, produce cornification in relatively 
minute doses, 1/50th or less of thesubcutaneous M.E.D. Others do not produce cornifica- 
tion when so administered, unless given in as large a dose as is necessary by the sub- 
cutaneous route. These, the pro-oestrogens, are presumed to be inert, and to owe their 
apparent activity to oestrogenic metabolites. : 

The hypothesis is confirmed by the finding that, in mice in which the vagina has been 
divided into two widely separated sacs, the introduction of many times the local M.z.p. 
of a directly acting oestrogen into one sac does not stimulate the second sac. Minimal 
effective doses of a pro-oestrogen, however, cause cornification in both sacs when given 
into only one of them. Such amounts of pro-oestrogens, in contrast to oestrogens, are 
thus absorbed into the circulation, and may undergo the metabolic changes postulated. 

Most synthetic oestrogenic compounds are pro-oestrogens. True oestrogenic activity 
seems to be restricted to the natural oestrogens and to those synthetic compounds which 
possess, or may be supposed to imitate in structure, the phenanthrene nucleus. It is 
apparently not necessary for hydroxyl groups to be present. 


The Nitrogen of the Potato. By A. NEuBERGER and F. SANGER 


[The Editors of the Biochemical Journal accept no responsibility for the Reports of the 
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The 221st Meeting of the Biochemical Society was held in the Institute of Physiology, 
The University, Glasgow, on Saturday, 6 June 1942, at 11 a.m., when the following papers 
were read: 


The Arrangement of Amino-acid Residues in Gelatin. By A. H. Gorpon, 
A. J. P. Marti and R. L. M. Syne 


» From partial hydrolysates of cow-hide gelatin in 10N HCl at 37° ‘neutral’ and ‘basic’ 
peptide fractions have been prepared by electro-dialysis at pH 6* after 4 and 19 days’ 
hydrolysis. 

Analysis of the products of complete hydrolysis of the ‘basic’. material suggests direct 
linkage of phenylalanine, leucine etc., to the basic amino-acids, a result contradicting 
current theories of gelatin structure. 

The ‘neutral’ fraction has been acetylated, and resulting peptides fractionated on 
liquid chromatograms} using EtOAc-H,O and CHCl,-BuOH-H,O systems successively. 
This gives specially sharp isolations of proline and its peptides. The resulting fractions 
have been analysed for constituent amino-acids after complete hydrolysis, using our 
chromatographic technique, which has now been extended to cover alanine and glycine. 
We conclude tentatively that phenylalanine, leucine, proline, valine, and methionine 
residues are not juxtaposed in the otherwise very complicated structure of gelatin. 
Dipeptides involving glycine-proline, glycine-leucine, alanine-proline and a tripeptide 
glycine-proline-alanine have been recognized. A chromatographic procedure based on 
partial hydrolysis is being developed for determining the order of amino-acid residues in 
acetyl-peptides. 

Contrary to Dakint we find valine to be a constituent of gelatin. 


* Cf. Gordon, Martin & Synge [1941]. Biochem. J. 35, 1369. 
+ Martin & Synge [1941]. Biochem. J. 35, 1358. 
t Dakin [1920]. J. biol. Chem. 44, 499. 


The Effect of Certain Substances on the Growth of Tissues in vitro. By J. N. 
Davipson and C. WaYMouTH 


Using the technique described by Willmer* in which tissue cultures are grown in roller 
tubes and the growth after a given time is assessed by estimating the amount of nucleo- 
protein phosphorus present in the tissue, the effect of various substances on the growth of 
chick heart fibroblast cultures has been investigated. Results demonstrating the effect 
of embryo extract are shown. Exposure of embryo extract to-a temperature of 100° for 
3 min. did not affect its growth-promoting power as measured by the increase in nucleo- 
protein phosphorus in fresh explants. Extract of the anterior lobe of ox-pituitary gland 
with growth-accelerating activity in young rats (Youngt) did not show a growth- 
promoting effect on the tissue cultures. Biotin, which is present in high concentration 
in tumour and embryo tissue (West & Woglom{), had no growth-promoting power. 
Various fractions of embryonic tissue were tested and a powerful growth-promoting 
activity was found in extracts of embryonic cartilage. Following the suggestion of 
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Fischer§ the nucleoprotein fraction of embryonic juice was tested but was found to have 
low growth-promoting activity. The effect of certain enzymes on the growth-promoting 


properties of embryonic juice is discussed. 


* Willmer, E. N. [1942]. J. exp. Biol. 18, 237. 

+ Young, F. G. [1938]. Biochem. J. 32, 513. 

t West, P. M. & Woglom, W. H. [1941]. Science, 93, 525. 
§ Fischer, A. [1939]. Nature, Lond., 144, 113. 


Some Chemical Reactions of Pyruvic Acid. By R. P. Cook and J. D. Fiypiay 


In freshly prepared samples of pyruvic acid a discrepancy has been observed between the 
content of pyruvic acid estimated alkalimetrically and estimations dependent on the 


presence of the carbonyl group. This discrepancy has been traced to the presence of , 


methylsuccinic acid which has been isolated. Investigations have been made on the 
condensations occurring with the pyruvates of sodium, barium and magnesium. _ 
Solutions of sodium pyruvate show no condensation. Solutions of barium pyruvate 
at 37° and 0-13. cone. undergo a slow, presumably aldol, condensation which can be 
reversed completely on boiling.* Magnesium pyruvate exists only in dilute solution. Any 
attempt to isolate the salt leads to the formation of a condensation product. The con- 
densation takes place at a conc. of 0-13.M. On boiling reversal of the reaction proceeds 
to only 66 % of the initial value, estimated as pyruvate. It is possible that the necessity 
of Mg*+ for the metabolism of pyruvic acid is related to the marked effect on condensation. 


* de Jong, A. W. K. [1901]. Rec. trav. Chim. 20, 365. 


Further Investigations on the Histidine and the Histamine Metabolism in Normal 
and Toxaemic Pregnancy. By R. KAPELLER-ADLER and E. ADLER 


It has been shown previously that whereas normal pregnancy is characterized by histi- 
dinuria in toxaemia of pregnancy the excretion of histamine in the urine seems to replace 
at least partly that of histidine.* 

That study has been extended by the inclusion of various types of toxaemic pregnancy. 
Eighty-five cases have been tested for histidine and histamine excretion in the urine. 
The results obtained in cases of normal pregnancy confirm the previous findings, large 
amounts of histidine and only traces of histamine having been encountered in the urine. 
It has been. found that the rate of histidine and histamine elimination in toxaemic 
pregnancy greatly depends upon the character of the toxaemia. Thus the highest values 
for histamine excretion have been obtained in cases of hyperemesis gravidarum and in 
most cases of mild pre-eclamptic toxaemia, while the histidinuria in those patients has 
been found to be either normal or slight impaired. In patients with severe pre-eclamptic 
toxaemia or eclampsia, however, no histidine has been detected in the urine, or only 
traces, and the histamine excretion has been relatively small, sometimes only traces 
having been found in the urine. 


* Kapeller-Adler, R. [1941]. Biochem. J. 35, 213; [1941], J. Obst. Gynaec. 48, no. 2, 141, 155. 


The Lead Content of Urinary and Biliary Calculi. By A. B. ANDERSON 


Further Observations on Capillary Fragility. By S. Lazarus, H. N. Munro and 
G. H. 
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Vitamin P: Observations on the Correlation between Positive and Negative 
Methods of Determining the Capillary Resistance in Man. By G. H. Bett, 
S. Lazarus, H. N. Munro and H. Scarsporoucu 


In apparently healthy persons, using a positive pressure method [Géthlin,* 1931], Bell, 
Lazarus & Munro [1940]} were unable to show that administration of vitamin P prepara- 
tions significantly increased the capillary resistance. Scarborough [1939; 1940],t em- 
. ploying a negative pressure technique, has obtained evidence in persons suffering from 
spontaneous, conditioned and induced vitamin deficiency, states that vitamin P pre- 
parations can increase capillary resistance which falls, or is found to be low, as the result 
of the lack of this material. A direct comparison between the methods employed has been 
carried out on 142 apparently healthy medical students. The results show a significant 
correlation between the two techniques. The correlation is so low, however, that it 
appears probable that the two methods measure different things and the discrepancy 
mentioned above may thus be explained. 
* Gothlin, G. F. [1931]. Skand. Arch. Physiol. 61, 225. 


+ Bell, G. H., Lazarus, 8S. & Munro, H. N. [1940]. Lancet, 2, 155. 
t Scarborough, H. [1939]. Biochem. J. 33, 1400; [1940]. Lancet, 2, 644. 


The Effect on Blood and Bone Chemistry of Prolonged Administration of Large 
Doses of Parathyroid Hormone to Puppies on Varying Calcium Intakes. 
By C. M. Burns and N. HENDERSON 


On the high calcium diet, the injected pup grew better than its litter-mate control and 
retained more calcium, the tibiae being enlarged at the knees. Both dogs had a serum 
calcium of 13 mg./100 ml. On a moderate calcium diet, it was not possible to demonstrate 
either increase or decrease in the.rate of bone growth or calcification in injected animals 
compared with controls. Two of the injected pups had a slightly elevated serum calcium 
with a high kidney calcium. On the low calcium diet, there was no difference between 
the bones of injected and control pups but the serum calcium of the controls was 8-5 and 
9-6 mg./100 mg. against 7-2 in the injected animals despite the large amount of calcium 
presumably available in the bones. 

The carbonate content of the bones of the injected pup on high calcium intake suggests 
a rapid breakdown and deposition of calcium. This is not shown on lower intakes. 

The high citrate content of the bones of the treated animals on a moderate intake of 
calcium might point to an increase in the ‘mobility’ of calcium. There was no evidence 
of this in the low calcium series. 


A Simple Photoelectric Haemoglobinometer. By G. H. Bett and E. GurHMann 
(introduced by D. P. CuTHBERTSON) 


The only rapid objective method of estimating haemoglobin is the photoelectric one. The 
apparatus can be constructed quite cheaply as follows. A car head-lamp supplied by an 
accumulator is placed at about 1 m. from the photocell. Immediately in front of the latter 
is placed a colour filter and a glass cell containing a weak solution of ammonia. The 
galvanometer deflexion is noted and 20 cu.mm. of blood are added to the glass cell. The 
lamp is then moved up nearer the photocell until the galvanometer reading is the same 
as before. By taking certain simple precautions the intensity of the light at the photocell 
obeys the inverse square law, and the scale along which the lamp moves can be calibrated 
in extinction coefficients (HZ). There is an approximately linear relationship between 
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and the concentration of haemoglobin. The advantages of this colorimeter are that neither 
the lamp, nor the photocell, nor the galvanometer need be calibrated; the scale is long 
and open; any type of photocell may be used; the constructional difficulties are minimal 
and all the materials are readily available. 


The Effect of Various Hormones on the Properties of Bone. By G. H. Bett and 
D. P. CUTHBERTSON 


Previous work had shown that Ca deficiency, although affecting the quantity of bone 
laid down, did not appear to affect the quality as determined by certain fundamental 
engineering procedures. 

To find if certain hormones known to affect the growth of bone also exhibit a quan- 
titative rather than a qualitative effect, rats were examined after treatment with one 
of the following: (a) a crude alkaline extract of the anterior pituitary with growth- 
promoting properties (kindly supplied by Dr F. G. Young), (b) oestradiol dipropionate, 
(c) parathormone, or (d) thyroid gland. In some cases, especially in group (a), quantitative 
differences in the bones were induced, but in none of the groups was the quality of the 
bone appreciably affected. 
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The 222nd Meeting of the Biochemical Society was held in the Department of Physiology, 
The University, Manchester, on Friday, 10 July 1942, at 2.15 p.m., when the following 
papers were read: 


The Anaphylactic Sensitization of Guinea-pigs to different Proteins. By 
L. B. WINTER 


Some Aspects of Polysaccharide Storage in E. coli. By J. Dawson and 
F. C. 


Evans, Handley & Happold [1941]* demonstrated that the glucose inhibition of the 
tryptophanase system in FZ. coli depended on the presence of phenylalanine or tyrosine 
in the cultural medium and suggested [1942]} that this inhibition depended on increased 
polysaccharide storage in the organism. £. coli has been grown on two types of glucose- 
tryptophane media, only one of which contained dl-phenylalanine. Determinations of 
the polysaccharide content of the organisms grown on both media have been carried 
out according to the method of Sahyun [1931].t The polysaccharide content of the 
cells grown in the phenyialanine-containing medium was greater than that of those 
grown in the phenylalanine-free medium. Additional confirmation of these results was 
obtained from respiration experiments. Similar polysaccharide determinations have been 
carried out on cells grown in media in which the sugar was either mannose or ribose. 
The polysaccharide content of these cells was lower than that of cells grown in a similar 
glucose medium, and also the addition of phenylalanine to the cultural medium did not 
increase the polysaccharide content of the cells. 

The effect of /(—)-phenylalanine on polysaccharide storage has also been determined. 
This isomer was incapable of increasing the’ polysaccharide content of H. coli and also 
unable to bring about the glucose inhibition of the tryptophanase system. 

* Evans, Handley & Happold [1941]. Biochem. J. 35, 207. 


{ Evans, Handley & Happold [1942]. Biochem. J. In the Press. . 
{ Sahyun [1931]. J. biol. Chem. 93, 227. 


The Nutrition of C. diphtheriae (intermediate type). By F. W. Cuatraway, 
F. C. Haproip, B. M. Sanprorp and A. R. Topp 


In continuation of the studies on the nutrition of C. diphtheriae growth factors for 
intermediate types were sought and found in the amyl alcohol-insoluble fraction from 
Glaxo first and second liver filtrate residues. This activity was not removed by adsorp- 
tion on to fuller’s earth at pH 2-0. Adsorption results with norite were variable. 
Extraction with butanol gave activity in both soluble and insoluble fractions, the 
greater being in the latter. There was no loss of activity when the active preparation 
was heated with 10% H,SO, for 2 hr. at 100° C., but similar treatment with 5% NaOH 
resulted in complete loss in activity. Activity was also largely destroyed by methylation 
or acetylation or by treatment with nitrous acid. Phosphotungstic acid precipitation 
left the bulk of the active component in the filtrate. 
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The Nutrition of C. diphtheriae gravis (Dundee). By F. W. Cuarraway, F. C. 
Happotp, B. LytHaor, M. SanpFrorp and A. R. Topp 


A basal medium which contains pimelic acid, nicotinic acid, B-alanine and pantothenic 
acid fails to support the growth of gravis (subtype Dundee). Growth is restored by the 
addition of the amyl alcohol-insoluble fraction from Glaxo first or second liver filtrate 
residues. The activity is partially destroyed by heating with NaOH to pH 11 at 100° 
for 2 hr. It is precipitated by basic lead acetate, adsorbed on to norite at pH 3-0 and 9-0 
but not near to neutrality. Activity is largely destroyed by methylation and acetylation. 
It is not extracted by butanol from concentrated aqueous solution and it is insoluble 
in 100% ethanol. It is not adsorbed on to fuller’s earth from acid solution pH 3-0, 
nor is it destroyed by tryptic nor peptic digestion. 

The original preparation was also shown to be biotin active for yeast (Gebriider Meyer), 
but this growth-stimulating effect was suppressed by avidin, which had, however, no 
action upon the growth-stimulating effect for C. diphtheriae gravis (Dundee). Neither 
crystalline biotin methyl ester, nor biotin promotes growth of the Dundee strain in the 
basal medium, but this occurs in the presence of p-amino benzoic acid. Separation of 
partially purified liver fractions by chromatogram technique indicates the probable 
presence of p-amino benzoic acid. 


The Nutrition of Lactobacillus casei E. By F. W. Cuarraway, F. C. Happoxp, 
B. LytHaor, M. SANDFoRD and A. R. Topp 


The original basal medium of Strong and Snell for the estimation of riboflavine in panto- 
thenic acid using Lactobacillus casei E gave very uneven results. 

Using an acid hydrolysate of casein, adsorbed with norite at acid pH, good growth 
and acid production can be obtained by addition of the amyl alcohol-insoluble fraction 
from Glaxo first residues. The active fraction is not extracted from the concentrate by 
butanol nor by fuller’s earth at pH 2-1. This treatment removes all traces of riboflavine 
which must be returned to the medium. The addition of p-amino benzoic acid with low 
concentrations of the fuller’s earth treated liver extract increases growth and acid pro- 
duction. p-Amino benzoic acid is almost certainly present in the active liver fraction. 
Adenine, guanine and uracil are without effect on the growth of Lactobacillus casei E, 
both in the presence and absence of biotin. 


The p-Aminobenzoate of Plasma in Relation to the Action of Sulphanilamide. 
By H. 


For antistreptococcal activity in vitro, sulphanilamide is required in concentrations at 
least 5000 times those of the coincident p-aminobenzoate.* Some observations have 
suggested that this ratio might not hold in vivo.t As study of antagonistic agents appears 
a promising way of correlating in vitro and in vivo actions of drugs, the p-aminobenzoate 
of plasma and some other materials has been determined to see if it is consistent with 
this ratio (the antistreptococcal indext{ of the drug) and with the therapeutic activity 
of sulphanilamide. 

Plasma specimens, assayed with Clostridium acetobutylicum, showed activity corre- 
sponding to 10-8 M and less p-aminobenzoate. The blood level of sulphanilamide during 
treatment is usually 1-5-6 x 10-4 MU, i.e. at least 3-12 times that necessary to antagonize 
such p-aminobenzoate concentrations. Plasma can, however, contain 100 times this 
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concentration of p-aminobenzoate, estimated as above, in a form available to Cl. aceto- 
butylicum and Streptococcus haemolyticus after digestion with acid. p-Aminobenzoate 
could therefore be the sulphonamide antagonist of autolysed tissues and of bacterio- 
logical media in which sulphanilamide is inactive. 

* Woods, D. D. [1940]. Brit. J. exp. Path. 21. 74. Cf. also Wood, W. B. [1942], J. exp. Med. 75, 369 
and Harris, J. S. & Kohn, H. I. [1941], J. Pharmacol. 73, 383. 


+ For example, Selbie, F. R. [1940]. Brit. J. exp. Path. 21, 90. 
{ MclIlwain, H. [1942]. Brit. J. exp. Path. 23, 95. 


Principles of Fluorimetric Estimation of Vitamins. By F. Woxes, J. G. OrGan 
and F. C. Jacopy 


Quantitative studies, using the Spekker fluorimeter, have been made of the fluorescence 
of pure thiochrome* in isobutanol, pure quinine acid sulphatet in V/10 H,SO,, and 
eosin and fluorescein in phosphate buffer at pH 8. For each of these there is an optimal 
concentration at which Beer’s law is most nearly obeyed, and a maximal concentration 
at which the fluorescence reaches its maximum. Concentrations above and below the 
optimal show deviations from Beer’s law which become greater as the concentration 
departs further from the optimal. The results confirm and extend the earlier observa- 
tions of Kuhn{ and indicate the desirability of using calibration curves and solutions 
of which the concentration is not too far from the optimal. Deviations from Beer’s law 
may also be due to quenching by other fluorescent substances present in the solution. 
The degree of quenching is affected by the concentration of quenching substance, and 
if correction is not made serious errors may occur in assays giving high ‘blanks’. 
Possible methods of correcting for this quenching are discussed. 


* From Merck and Co. of New York. { From Dr T. A. Henry. 
t Hauser, K. W., Kuhn, F. & Kuhn, E. [1935]. Z. phys. Chem, 29, 417. 


The ‘Catalase Test’ with Special Reference to Acetobacter Species. By T. K. 
WALKER and J. ToSié 


Ten authentic cultures of different Acetobacter species and nine newly isolated strains 
of organisms of the same genus proved to be catalase-positive if examined in the early 
logarithmic phase of growth before acid formation had become pronounced. Older 
cultures of the same organisms gave a doubtful catalase reaction and some even a 
negative reaction. When the malt-extract agar medium was suitably buffered by calcium 
carbonate these irregularities were no longer observed and all the species examined gave 
a positive catalase reaction, even 14 days after inoculation. This sensitivity to acid has 
a parallel in the observation of K. ‘R. Butlin [1938]* that A. suboxydans contains as 
one of its enzyme components an acid-sensitive highly oxidizing system which, in an 
unbuffered medium, is readily inactivated if the substrate yields an acid product (e.g. 
gluconic acid). 

Estimations have been made of the relative amounts of catalase produced by eleven 
species of Acetobacter in pure culture. 


* Butlin, K. R. [1938]. Biochem. J. 32, 508, 1187. 


Acetobacter Species as Common Contaminants of Brewery Yeast. By T. K. 
WALKER and J. Tosié 


Many samples of brewing yeasts collected. from different sources proved on examination 
to be strongly infected by Acetobacter species, and in the majority of cases more than 
one species was found in association with one sample of yeast. By suitable processes a 
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number of Acetobacter species was isolated in pure culture and some of these were found 
to be species already described. In addition, three hitherto unknown species, possessing 
very distinctive features, were isolated and have been designated A. turbidans, A. acidum- 
polymyxa and A. anulogenes respectively. The first-mentioned was described recently by 
A. J. C. Cosbie and the present authors [1941, 1942].* Descriptions of the two other 
new organisms will be recorded in future communications. 

So far as we are aware it has not been realized previously that many Acetobacter 
species live in association with brewery yeast, and it would appear that such yeast may 
prove a fruitful source from which to obtain new and interesting members of the genus 
Acetobacter. 

These observations render it evident that when brewing yeast is used as a reagent for 
the purpose of effecting a chemical change of biological significance, it is important to 
use yeast grown in pure culture, since a microscopical examination of brewing yeast is 
not sufficient always to reveal the presence of Acetobacter, and special methods are 
necessary to detect these organisms. 


* Cosbie, A. J. C., Todié, J. & Walker, T. K. [1941]. J. Inst. Brew. 47, 382; [1942], J. Inst. Brew. 48, 82. 


The Ornithine Cycle of Urea Formation. By H. A. Kress 


Leuthardt [1938]* found that liver of starved guinea-pigs forms urea more rapidly from 
glutumine than from NH,Cl and concluded that NH, cannot be an intermediate in the 
urea formation from glutamine. It is shown that the rate of urea formation from NH,- 
glutamate, or NH,-lactate is the same as that from glutamine. The data are in agree- 
ment with the assumption that glutamine is hydrolysed to NH,-glutamate and that 
this is followed by the ornithine cycle. The rapid urea formation from glutamine is due 
to a stimulating effect of glutamate on the ornithine cycle. The effect is probably similar 
to that of lactate and other oxidizable substances described by Krebs & Henseleit [1932]. 

Bach [1939]t proposed two new mechanisms of urea synthesis in liver: the oxidation 
of citrulline to glutamic acid and urea, and the oxidation of ornithine to glutamine 
‘where the pathway joins that suggested by Leuthardt’. Bach’s experimental results 
are not confirmed. His schemes are considered superfluous as the known facts are 
accounted for by the theory of the ornithine cycle. : 

Trowell [1942],§ working on the perfused rat liver, observed that the rate of urea 
formation from arginine was sometimes lower than the rate of urea formation from 
NH,Cl plus ornithine and that the effect of citrulline on urea formation was transitory 
and not catalytic. He concluded that the theory of the ornithine cycle is untenable. 
It is pointed out that the concentration of arginine in Trowell’s experiments was only 
about 1/10 of that of NH,Cl. Under these conditions the slow rate of urea formation 
from arginine is irrelevant. The ‘transitory’ nature of the citrulline effect was probably 
due to the exhaustion of the added NH,Cl. Under suitable conditions citrulline has a 
‘permanent’ and catalytic effect. The theory does not postulate that catalytic effects 
are observed under all-conditions. The absence of catalytic effects can be due to side- 
reactions of ornithine, citrulline and arginine in which these amino acids are used up, 
e.g. the synthesis of proteins, the oxidative degradation and the conversion into other 
amino acids. 

The ornithine cycle is in agreement with all experimental observations concerning 
the synthesis of urea from ammonia in liver. So far there is no reason to postulate 
alternative mechanisms of urea synthesis in mammalian liver. 

* Leuthardt, F. [1938]. Hoppe-Seyl. Z. 252, 238. 


+ Krebs, H. A. & Henseleit, K. [1932]. Hoppe-Seyl. Z. 210, 33. 
t Bach, 8S. J. [1939]. Biochem. J. 33, 1833. § Trowell, O. A. [1942]. J. Physiol. 100, 432. 
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Modified Citric Acid Cycle. By H. A. Kress 


Wood, Werkman, Hemingway & Nier [1941]* and Evans, Jr. & Slotin [1941],+ using 
carbon isotopes as tracers, have shown that citrate cannot be an intermediate when 
«-ketoglutarate is synthesized from pyruvate in pigeon liver. Wood e¢ al. point out that 
the following modification of the citric acid cycle hypothesis is in accordance with the 
experimental observations: 
ENOL-OXALOACETIC ACID +PYRUVIC ACID 
(reaction 1) 
OXALOCITRACONIC 
(reaction 2) 
(reaction 5a) 
cis-ACONITIC ACID —— —— Crrric 


(reaction 5b) 
(reaction 3a) (reaction 36) 


iso-CITRIC ACID 
(reaction 4) 
a-KETOGLUTARIC ACID 


According to the earlier scheme oxaloacetate and pyruvate react to form first citrate 
and then cis-aconitate. The modified hypothesis suggests that cis-aconitate is formed 
more directly and that the formation of citrate is due to a side reaction. Evans, Jr. & 
Slotin consider the modified scheme as ‘improbable in view of the demonstrated equili- 
brium between citrate, iso-citrate and cis-aconitate in most tissues’. Evidently this 
argument only holds if the equilibrium is actually established. Whether this is the case 
depends on the rates of the reactions (2), (3a), (3), (4), (6a) and (56) in the metabolizing 
tissue. Measurements of the rates of (3a) and (5a) show that at low concentrations of 
cis-aconitate (0-001_M) (3a) is about 10 times more rapid than (5a). With increasing 
concentrations of cis-aconitate the difference in the rates becomes smaller; at 0-003. MU 
(3a) is 4 times, at 0-2M 1-5 times more rapid than (5a). It is also shown that (4) is 
rapid as compared with (36). The data indicate that the equilibrium between citrate, 
iso-citrate and cis-aconitate is not established in the metabolizing tissue owing to the 
relative slowness of the reactions (5a) and (56). The objections of Evans, Jr. & Slotin 
against the modified hypothesis are therefore not valid. 

* Wood, H. G., Werkman, C. H., Hemingway, A. & Nier, A. O. [1941]. J. biol. Chem. 139, 483; [1942] 
J. biol. Chem. 142, 31. 

{ Evans, E. A. Jr. & Slotin, L. [1941]. J. biol. Chem. 141, 439. 

t Wood e¢ al. wrote ‘pyruvyl-fumaric acid’, i.e. the corresponding trans-isomeride. If the resulting 
aconitic acid possesses the cis-configuration it is almost certain that the immediate precursors have the 


same configuration. The ‘enol oxaloacetic acid’ is therefore expected to be hydroxy-maleic acid. 
§ Krebs, H. A. & Johnson, W. A. [1937]. Enzymologia, 4, 148. 


The Formation of Viscous Materials by Clostridium butylicum. By B. LyTHcor 
and J. MADINAVEITIA 


McClean* has shown that the presence of hyaluronidase in the culture media of certain 
strains of capsulated streptococci prevents the formation of capsules, and that addition 
of hyaluronidase to normal cultures causes the disappearance of the capsules. The poly- 
saccharide constituent of these capsules is probably identical with hyaluronic acid. 

In connexion with other work we observed that Cl. butylicum produces a viscous 
material when grown in a relatively simple medium (glucose, asparagin and inorganic 
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salts supplemented by bactopeptone as a source of biotin).t Although the viscous 

material produced by Cl. butylicum is not hyaluronic acid, its formation by the organism 

as well as the growth of the latter are inhibited to a certain extent by the presence of 

hyaluronidase concentrates in the culture medium. The formation of viscous material by 

this micro-organism is much more markedly affected by the concentration of glucose 

and bactopeptone in the medium than by the presence of hyaluronidase. | 
The optimal concentrations of glucose and of peptone for bacterial growth do not 

coincide with those optimal for production of viscous material. There is an optimal 

concentration of peptone for the formation of viscous material; at higher concentrations 

the viscosity of the culture medium is not appreciably altered, although the optimal 

concentration of peptone for bacterial growth had not been reached in our experiments. 


* McClean, D. [1941]. J. Path. Bact. 53, 13. 
+ McDaniell, L. E., Woolley, D. W. & Peterson, W. H. [1939]. J. Bact. 37, 259. 


7 


[The Editors of the Biochemical Journal accept no responsibility for the Reports of the 
| Proceedings of the Society. Abstracts of papers read are published as received from the author.] 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


| The 223rd Meeting of the Biochemical Society was held in the Department of Bio- 
chemistry, South Parks Road, Oxford, on Saturday, 26 September 1942, at 11.30 a.m., 
when the following papers were read : 


Polarographic Studies on the Excretion of Organic Antimonials. By L. G. Goopwin 
and J. E. 


The polarographic method for the determination of antimony in organic compounds 
devised by Page’ & Robinson* has been extended to the direct estimation of antimony 
in biological materials. Earlier experiments on the excretion of stibophen and stibamine 
glucoside by rats and mice using a modification of Clarke’s colorimetric method} for 
antimony showed that excretion was even more rapid than has previously been reported, 
about 30% of the antimony injected appearing in the urine during the first hour. 

By the polarographic method, which will distinguish between tri- and pentavalent 
antimony (hitherto impossible with biological materials), the investigation has been 
extended to a series of organic antimonials used in tropical therapeutics, including 
tartar emetic, stibophen, ‘anthiomaline’, sodium antimony’ gluconate, stibamine gluco- 
side, ‘neostibosan’, and ‘urea stibamine’. A few of the results are shown in the table. 
The rate of excretion of both trivalent and pentavalent compounds depends to some 
extent upon the dose, large doses being excreted rather more rapidly than small ones. 
The antimony excreted during the first 24 hr. is not changed in valency, but evidence 
is as yet incomplete upon the more slowly excreted fraction which remains. ‘ 

Observations upon a small number of human subjects have given results similar to 
those from the mouse experiments. 


Excreiiun of antimony compounds after intravenous injection into mice 


% of antimony excreted in hr. after injection 


Substance 0-1 1-2 2-3 3-4 4-5 5-6 6-24 24-48 
Tartar emetic: 
(Small dose =0-07 mg. Sb) 8-5 8-5 75 8 5-5 8-5 15 7 
Stibophen: 
(a) Small dose =0-07 mg. Sb 18 8 9-5 75 6 7 14 12 : 
(6) Large dose =0-7 mg. Sb 46:3 5-9 3:3 2-2 6-4 1-7 7-1 4:3 


Sodium antimony’ gluconate: 


(a) Small dose =0-07 mg. Sb 20 11-5 7-5 3-5 3-5 6-5 6-5 
(b) Large dose =0-7 mg. Sb 40-5 10-5 2-5 1-5 5-5 15 4 2-5 


* Page, J. E. & Robinson, F, A. [1942]. J. Soc. Chem. Ind., Lond., 61, 93. 
t Clarke, S. [1928]. Analyst, 53, 373. 


The Urinary Elimination, of Fluorescent Pigments in Animals as a Basis for 
the Assay of Nicotinamide and Related Compounds in Foodstuffs. By 
P. G. E. Guock and B. 8. PLarr 


The present investigation arose out of a study of ulcerative gingivo-stomatitis begun 
in 1938* in East Africa where the disease is of common occurrence, especially in areas in 
which pellagra is endemic. Evaluation of the state of nutrition with respect to nicotinic 


( xi ) 
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acid (N.A.) of patients in this country made by estimating the excretion of N.a. and 
related compounds in urine proved unsatisfactory. 

The observation of Najjar} that elimination of purple or blue fluorescent substances 
(F, and F,) fluctuated during development and treatment of pellagra in man and of 
blacktongue in dogs, has been explored as a basis for (a) the detection of N.a. deficiency 
in man and (6) a method for assaying N.A. in foodstuffs. The present communication 
refers to 

Dogs on a Goldberger diet (peameal omitted) eliminated smaller amounts of F, and 
larger amounts of F, than normal animals. Measurable differences in response were 
obtained with 0-4-2-0 mg. nicotinamide per kg. body weight. Assays of horse meat gave 
values of 5 to 10 mg./100 g. (fresh weight). 

Ferrets have proved to be convenient test animals on a diet of national bread and 
whole milk powder. The method for separating F, and F, evolved for the analysis of 
human urine is being employed. Using arbitrary units for fluorescence of F, and F,, 
the values for (F,-- F',) x volume of urine for the period (24-32 hr.) of response to doses 
of 10, 5, 2 and 1 mg. of nicotinamide per kg. were 184, 130, 65 and 0, respectively. 

* See reference in paper by King, J. D. [1940]. Lancet, 2, 32. 

+ Najjar, V. A. & Wood, R. W. [1940]. Proc. Soc. Exp. Biol., N.Y., 44, 386; and Najjar, V. A. & Holt, 
L. E. [1941]. Science, 93, 20. 

t Coulson, R. A., Ellinger, P. & Platt, B. S. [following abstract]. 


The Comparative Effect on the Elimination of Fluorescent Pigments in Human 
Urine of Nicotinamide and Related Compounds. By R. A. CovuLson, 
P. and Piatt 


Najjar’s* method for estimating the urinary elimination of the fluorescent pigments 
F, and F, was adapted for quantitative routine work. With its aid the daily course of 
output of both pigments by one normal person and one with abnormal carbohydrate 
metabolism was examined. F, is eliminated in small, F, in larger amounts; it is highest 
between 7 and 10 a.m. and gradually decreases during daytime to rise again during the 
night. Intake of certain food increases the output of F,. Nicotinamide orally administered 
increases the F, output, rise and duration corresponding to the amount given (0-1- 
10 mg./kg.), same amounts giving reproducible results. Elimination starts immediately 
after intake and ends after 2-10 hr. Nicotinic acid (0-2-5 mg./kg.) and N-diethyl- 
nicotinamide (nikethamide) (1-50 mg./kg.) also increase F,, output; the effect is far less 
intense, starts later (1-2 hr. nicotinic acid and 4-5 hr. nikethamide) and lasts far longer 
(24 hr. nicotinic acid and 24~72 hr. nikethamide). Trigonelline and pyridoxin have no 
effect on the F, or F, output. 

Urines of high F, concentration were collected and the F, was concentrated by 
adsorption and elution and examined in collaboration with Dr W. T. J. Morgan. The 
concentrate shows the following properties which made the identity of F, with thiochrome 


mos e: 
probabl F,-concentrate in 


isoButanol Thiochrome 
Absorption spectrum Narrow band 346-368 mu Max. 368 my in water} 
Max. 353 mp Max. 348my in dil. HClt 

Emission spectrum Max. 468-9mp Max. 460-470 my in N/100 NaOHt 
With sodium hyposulphite Non-fluorescent leuco-compound, Non-fluorescent leuco-compound, 

easily reoxidized easily reoxidized{§ 
Fluorescence in alkali Strong, purplish blue Strong, purplish bluet 
Fluorescence in dil. HCl Weak, yellow green Weak, yellow greenf 


Sublimation in high vacuum + +§ 
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A white substance can be precipitated by acetone from the concentrated isobutanol 
solution of F,. It accompanies ‘thiochrome’ as isolated by the Najjar method and gives 
to F, a whitish fluorescence. This substance is under further examination. 


* Najjar, V. A. & Wood, N. W. [1940]. Proc. Soc. Exp. Biol., N.Y., 44, 385; Najjar, V. A. & Holt, jr. 
L. E. [1941]. Science, 93, 20 and Proc. Soc. Exp. Biol., N.Y., 48, 413. 

+ Kuhn, R. & Vetter, H. [1935]. Ber. disch. chem. Ges. 68, 2375. 

t Kuhn, R., Wagner-Jauregg, T., v. Klaveren, F. W. & Vetter, H. [1935]. Hoppe-Seyl. Z. 234, 196. 

§ Barger, G., Bergel, R. & Todd, A. R. [1935]. Ber. disch. chem. Ges. 68, 2257. 


General Principles of Fluorimetry of Biological Material. By P. ELLincer 


Fluorimetric estimation of fluorescent molecules or substances transformable into fluor- 
escent molecules in biological materials involves three separate processes: (1) complete 
extraction of the material to be examined, (2) preparation from the extract of a fluorescent 
solution such that the intensity of its fluorescence depends exclusively on concentration 
of fluorescent pigment, (3) measurement of intensity of fluorescence. Conditions for 
(1) and (2) must be determined for each tissue and substance concerned. For (2) all 
substances quenching fluorescence of the pigment must be eliminated. (3), i.e. estima- 
tion of intensity of light emitted by a fluorescent solution when exposed to primary 
light, is a problem of photometry differing from ordinary photometry in two directions: 
(a) light from primary light sources and fluorescent light must be separated by filters, 
(b) the fluorescent light source whose intensity has to be measured is not a luminous or 
illuminated point or area, but a luminous volume. 

Direct visual comparison of fluorescence intensity of an unknown solution with that 
of a known standard without use of an instrument may give satisfactory results if certain 
conditions are strictly fulfilled; equal distance of both solutions from light source, 
identical angle of observation, complete absorption of visible part of exciting light, 
entirely uniform non-fluorescent containers for the fluorescent solutions. 

For instrumental measurement, the eye, photocell or photographic emulsion may be 
used as analysers, the latter being inconvenient for routine purposes. Light intensity 
can be measured directly, either from galvanometer deflection or from blackening of 
photographic emulsions; in each instance the effect must be related to respective intensity 
of primary light source. Or the intensity can be measured by comparison with that of 
a known standard, in which case intensity of primary light source does not matter. The 
fluorescence intensity of the unknown solution has to be balanced against that of the 
standard by altering either aperture of primary beam, size of exposed area of analyser 
or depth of fluorescent volume, by interposing light absorbing wedge-shaped filters, 
polarizing media into the beam, or resistances into the galvanometer current, allowing 
quantitative comparison. 

Relative position of primary light source, fluorescent solution and analyser is im- 
portant: arrangement in one line renders most lucid results. The exciting beam should 
be monochromatic and intense compared with the amount of light absorbed by the 
fluorescent solution. Only plane parallel containers should be used for the latter. 

Analysers do not respond in linear proportion to intensity of light or size of the 
exposed area. Instruments must be calibrated for each individual fluorescent pigment 
either absolutely or against’ stable standards, such as fluor spar or uranium glass. As 
most filters are not perfect correction must be made for primary light reaching the 
analyser. 

The relation between fluorescence intensity and concentration of fluorescent molecules 
varies at different concentrations (Perrin, Wawilow). The former reaches generally a 
maximum which depends on the absorption of primary beam and on depth of fluorescent 
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volume, but reproducible results can be obtained if conditions of the instrument remain 


unchanged. Existence of maximum necessitates examining by dilution relative position 
of unknown solution to maximum. 


The Formation of ‘Ghosts’ in Subcutaneously Implanted Hormone Tablets. 
By S. J. 


Adenosine- and Inosine-nucleotides in the Phosphorus Metabolism of Muscle. 
By A. KLEINZELLER 


It is generally assumed that the adenosine-nucleotides play the main role in the inter- 
mediary metabolism of phosphorus in muscle, whilst the inosine-nucleotides are of minor 
importance.* In this paper the preparation of inosine-triphosphate, the existence of 
which was controversial, and the isolation of inosine-diphosphate, hitherto unknown, is 
reported. The role of adenosine- and inosine-nucleotides in various component reactions 
of muscle metabolism is studied. Inosine-triphesphate (1.7.P.) and -diphosphate are 
5-8 times less effective than the respective adenosine-nucleotides in the phosphorus 
transfer reaction of Parnas, and in the phosphorylation of glucose by yeast hexokinase. 
No evidence of the transfer of P from 1.1T.P. to hexosemonophosphate was obtained. 
On the other hand myosin splits off PO,’” approximately three times as fast from 1.T.P. 
than from adenosine-triphosphate. In muscle extracts the dephosphorylation of 1.T.P. 
stops at the diphosphate stage and it is concluded that the myokinase is strictly specific 
for the adenosine-diphosphate. The bearing of the obtained results on the present con- 
ception of phosphorus metabolism in muscle during the first phase of the contraction 
is discussed. 


* Meyerhof, O. & Lohman, K. [1932]. Biochem. Z. 253, 431. Meyerhof, O., Lohmann, K. & Meyer, K. 
[1931]. Biochem. Z. 237, 437. 


The Influence of Light and Hormones on the Glycogen Synthesis in Rat Liver 
Slices. By J. R. BenpALL and H. LEHMANN 


Liver slices of starved rats have hitherto not been known to form glycogen from added 
glucose. If, however, rats are kept in darkness for several weeks, a formation can be 
observed. This fact has been used for studying the liver metabolism of rats treated in 
various ways. 

Mg. glycogen formed per g. liver slices per hour 


Tissue: fluid 1:6. Fluid: 1000 mg. % glucose, Krebs-bicarbonate-Ringer; 95% O,, 5% CO,, 37° C. 


No. of 
rats Formation Variation 
Rats kept in the light 47 0-15 + 0-26 
Rats kept in complete darkness: 1-3 weeks 6 0-23 + 0-10 
3-6 weeks 7* 0-40 + 0-44 
6-12 weeks 9 1-20 + 0-65 
Rats kept in semi-darkened room for several months; artificial 28 0-77 +0-51 
light during working hours 

Suprarenalectomized 21 0-08 +0-17 
Mock-suprarenalectomized 5 1-30 + 0-93 
Suprarenalectomized and injected with cortical extract 8 0-74 + 0-56 
Injected with cortical extract 7 1-05 + 0-84 
Injected with insulin 11 0-88 + 0-85 

Injected with histamin 2 0-59 _ 


* Two rats were kept in light but were blinded. 
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The table shows that no difference from normal synthesis can be seen when rats are 
treated with cortical extract, insulin or histamin. Suprarenalectomy is seen to lower 
the power of slices to form glycogen from added glucose. This can be restored by in- 
jection of cortical extract. This observation makes it unlikely that the absorption of 
glucose in the gut is the deciding factor for low liver glycogen in suprarenalectomy. 
Slices taken from rats kept in light are unable to synthesize glycogen in vitro. It can 
be observed, that they also show no difference in glycogenolysis in O,, N, and O.+ 
adrenaline. Those taken from rats kept in the dark show a much smaller glycogenolysis 
in O, compared with that in N, and O,+adrenaline. This supports the view that the 
glycogenolytic effect of adrenaline is an inhibition of glycogen resynthesis.* 


n 
n 


* Cross, M. C. & Holmes, E. G. [1937]. Brit. J. Exp. Path. 18, 370. Bendall, J. R. & Lehmann, H. 
[1941]. Nature, Lond., 148, 538. 


The Effect of Autolysis and of Freezing on the ‘ Total Nicotinic Acid’ Content of 
Skeletal Muscle. By B.S. Piatt and G. E. Gtock 


Lesions of the mouth and gums* (ulcerative gingivo-stomatitis) of Africans resembling 
those found in scurvy were recognized in 1911+ to need treatment by feeding meat as 
well as antiscorbutics. Animal tissues are now generally considered to furnish a sub- 
stantial portion of the nicotinic acid in a mixed diet; the occurrence, therefore, of the 
disease in subjects on a diet including meat raises the question as to the precise con- 
tribution of nicotinic acid from this source. Some experiments have been made on the 
total nicotinic acid (T.N.a.) content of the muscles of laboratory animals by chemical 
methods in order to explore the possibility of variations occurring in the course of handling 
and processing meat. 

The method by which the reported results have been obtained was the cyanogen 
bromide aniline reactiont applied to water clear extracts§ of the tissues. All the values 
quoted are for the T.N.A. obtained after hydrolysis of the tissues with boiling 2-5N HCl 
for 1 hr. and are given in mg./100 g. on a fresh weight basis. Immediately before acid 
hydrolysis, all the tissues were dropped into boiling water in small pieces at a time, 
boiled for a few minutes and then ground with sand. 

The average value found for rat skeletal muscle (seven experiments) was 10-9 mg. 
(range 8-2-14-4). After autolysis for 244 hr., there was a loss of 36% (average of five 
experiments). Slow cooling, to 28° C. in 4 hr., gave a loss of 17%. Cooling guinea-pig 
skeletal muscle to an air temperature of —3° C. for 5 days gave a loss of T.n.a. of 50% 
(average of two experiments). ‘Drip’ separated from horse muscle held at —6° C. for 
a week, followed by a slow thaw, contained 10% of the initial T.N.a. 

A reduction in the nicotinic acid content of horse flesh after freezing at —6° C. for 
5 days, determined biologically, by feeding to dogs using the method previously described ,* 
has also been obtained. 

A loss in cooking ham, attributed to extraction of the nicotinic acid in the cooking 
water, has previously been recorded,|| together with the observation that ‘the effect of 
processing both household and commercial, on the nicotinic acid content of meats was 
negligible ’. 


* Ellinger, P., Glock, G. E. & Platt, B. S. [1942]. p. xi of these Proceedings. 

+ Turner, G. [1911]. Transv. Med. J. 7, 41. 

ft Shaw, G. E. & Macdonald, C. A. [1938]. Quart. J. Pharm. 11, 380. 

§ Dann, W. J. & Handler, P. [1941]. J. biol. Chem. 140, 201. 

|| Waisman, H. A. & Elvehjem, C. A. [1941]. The vitamin content of meat. Minneapolis, Minn. 
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The Metabolism of 3:4-Benzpyrene in the Rabbit. By I. Berensiv, E. R. Hotipay 
and R. ScHOENTAL 


Synthesis of Urea in Mammalian Liver without Participation of Arginase. 
By S. J. Bacu and WiLLIaMson 


l(+)-Ornithine immediately and very strongly inhibits arginase, both in rat-liver slices 
and in solution. On the other hand, excess ornithine has no effect on the urea synthesis 
from ammonium lactate in liver slices, and the progress curves in absence and presence 
of ornithine were almost identical. 

Thus inhibition of the arginase does not affect the urea synthesis. 

The kinetics of the arginase reaction were studied in presence and absence of ornithine 
and were found to be similar in the tissue slices and in cell-free extracts. 

It was shown that in presence of excess ornithine the arginase activity in the slices 
was far below that which would be necessary to account for the urea production from 
ammonium lactate (see Table 1). 

It is difficult to believe therefore that arginase is the main source of urea as postulated 
by the theory of Krebs & Henseleit.* With respect to the role of arginine the results 
give direct confirmation for the conclusions drawn by Trowellf and may point to at 
least one mechanism of synthesizing urea in which the arginine takes no part such as 
has been suggested by other workers (Leuthardt,{ Bach§). 


Table 1 


Quantities: arginine 7-5 mg. %, ornithine 1-6%, NH,Cl 0-01%, Na lactate 0:2% 


pg. urea-N formed in 
25 min. by 200 mg. 


Substrate liver slices 
Arginine 56 
Arginine + excess ornithine 9 
Ammonium lactate 29 
Ammonium lactate + excess ornithine 30 


* Krebs, H. A. & Henseleit, K. [1932]. Hoppe-Seyl. Z. 210, 33. 
+ Trowell, O. A. [1942]. J. Physiol. 100, 432. 
t Leuthardt, F. [1938]. Hoppe-Seyl. Z. 252, 238. 


§ Bach, S. J. [1939]. Biochem. J. 33, 1833. 


[The Editors of the Biochemical Journal accept no responsibility for the Reports of the 
Proceedings of the Society. Abstracts of papers read are published as received from the author.] 
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The 224th Meeting of the Society was held in the Department of Organic Chemistry, 
The Imperial College of Science and Technology, South Kensington, London, S.W.7, on 
Saturday, 7 November 1942. 

The Meeting was devoted to a discussion on ‘The theory and application of chromato- 
graphic methods to biological problems’, when the following communications were given. 


Prolegomena to a Discussion on Chromatography. By A. L. Bacuaracu and 
F. A. Rosrnson 


The recent publication of two monographs on chromatography has increased the already 
considerable interest in this relatively new technique, which has been invaluable in 
facilitating the isolation of substances of biochemical interest. The name chromatography 
was given by Tswett to a process for separating coloured substances by drawing a solution 
of the pigments through a column of adsorbent, and washing the column with a suitable 
solvent. A separation of the components of the mixture is thereby effected, and coloured 
bands are formed at different levels in the column; these are separated from one another 
by cutting the column with a knife, and the pure compounds are isolated from each 
portion by elution. Several factors play a part in the efficiency with which this separation 
occurs. The choice of adsorbent is particularly important; strongly adsorbent substances, 
such as alumina and fuller’s earth, are used for compounds of low adsorption affinity, 
and weakly adsorbent substances such as sucrose and tale for substances with a high 
adsorption affinity. Similarly a wide range of solvents exists; some, such as petroleum 
ether, benzene and other non-polar solvents, have only a weak eluting action and are 
used in the adsorption, whereas polar solvents such as alcohol and water, are generally 
used for elution. Chromatography has also been extensively used for the separation of 
colourless substances, and various methods have been devised for distinguishing the 
different zones in the column. Some compounds for instance reveal their presence by a 
characteristic fluorescence in ultra-violet light, whilst identification of other compounds 
is facilitated by painting the extruded column with a brush dipped in a suitable reagent. 
In the so-called ‘liquid chromatogram’, the column is washed successively with a range 
of solvents or solvent mixtures of gradually increasing eluting power, so that one substance 
after another is washed out of the column in the order of increasing adsorption affinity. 
The nomenclature of chromatography is not entirely satisfactory, and different ex- 
pressions are used, especially as between this country and America, to describe the same 
property or process. A more uniform system is desirable. 


The Achievements of Chromatography in Biochemistry. By A. R. Topp 


The Application of Chromatography to the Study of the Carotenoids of Human 
and Cow’s Milk. By S. Y. THompson, S. K. Kon and E. H. Mawson 


In 1914 Palmer & Eckles* showed that the carotenoids of cow’s milk consisted largely 
of B-carotene but that in human milk the carotene and xanthophylls were approximately 
equal. Gillam+ confirmed this for cow’s milk and With & Friderichsent found that 
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B-carotene represents only 4-} of the total carotenoids of human milk. These authors 
reported that lycopene does not pass into human milk and Gillam & Kon§ found the 
same to be true for the Shorthorn cow. We have chromatographed numerous samples 
of hunnan milk fat and have found that B-carotene contributes from 20 to 25% or even 
less of the total absorption at 451 my. In the majority of samples examined a pink band 
lies above that of B-carotene, chromatographically homogeneous with, and showing the 
same absorption curve as crystalline lycopene, obtained from tomatoes. 

Shorthorn butter fat showed no lycopene zone in agreement with the findings of 
Gillam & Kon§; generally, however, B-carotene amounted to less than the figure of 94% 
suggested by Gillam.f In Guernsey fat there were three zones between f-carotene and 
xanthophylls, one of which was pink and occupied the lycopene position. When 80 lb. of 
fresh tomatoes were given to a Guernsey cow during 6 days, the intensity of these zones 
rose from 4 to 16% of the total absorption. The pigment was identified as lycopene. 
In Guernsey milk f-carotene forms a smaller proportion of the total pigments than in 
Shorthorn milk. 

* Palmer, L. S. & Eckles, C. H. [1914]. J. biol. Chem. 17, 191, 245. 

+ Gillam, A. E. [1934]. Biochem. J. 28, 79. 


{t With, T. K. & Friderichsen, C. [1939]. Ugeskr. Leger, 101, 915. 
§ Gillam, A. E. & Kon, S. K. [1940]. J. Dairy Res. 11, 266. 


Ion Exchange Adsorbents in the Analysis of Biological Material. By B.S. Piatt 
and G. E. GLock 


Cation exchange adsorbents include natural and synthetic zeolites, carbonaceous 
zeolites, and synthetic resins obtained by the condensation of polyhydric phenols and 
formaldehyde.* They can be used in the sodium cycle for replacing Na+ by Ca++, as in 
water softening, or in the hydrogen cycle, for replacing H+ by any other cation. Anion 
exchange adsorbents, with specific uses, include activated clays, iron and alumina gels 
and synthetic heavy metal zeolites, but for general anion exchange the only important 
materials are synthetic amine-formaldehyde resins.* These resins, suitably regenerated, 
can be used for replacing, for example, Cl- by SO;, or OH- by any other anion (acid 
adsorption). 

Representative preparations of both cation and anion exchange materials have been 
examined in the course of the purification of muscle extracts preliminary to the estimation 
of inositol.t Of the materials available, the most suitable cation exchange adsorbent 
was found to be a carbonaceous zeolite (C.Z.), and the most suitable anion adsorbent, 
a m-phenylene diamine resin, ‘M.P.D. Resin’ (M.P.D.).{ 

These adsorbents were introduced into distilled water contained in the stem of a 
thistle funnel (stem 12 in. long with a capacity of 5 ml.). The C.Z. (4 g.) was regenerated 
with 40 ml. N HCl and the M.P.D. (4 g.) with 40 ml. NW NH,OH and both subsequently 
washed with 40 ml. hot distilled water followed by at least 60 ml. cold distilled water. 
The final washings must be neutral to litmus and, if inositol is being estimated, must 
give no reaction with HIO,. Disintegration of the adsorbents by shaking or by leaving 
for long periods under water should be avoided. 

Ten ml. 1% glycine solution passed through 4 g. C.Z. in 20 min. was completely 
adsorbed, and could be eluted quantitatively with N HCl. When 10 ml. urine was passed 
at the same rate successively through three pairs of columns of 4 g. C.Z. and of 4 g. M.P.D., 
the inorganic ions were first removed and then pigment and certain other organic 
substances including creatinine. Alternate treatments with C.Z. followed by M.P.D. are 
essential, because although C.Z. adsorbs between approximately pH 2 and 14, at a pH 
lower than 2, anions must be removed with M.P.D. to secure further cation exchange. 
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The simplest and most efficient method of using C.Z. and M.P.D. is as a mixture of 
equal parts by weight of regenerated, washed and dried materials. Fifteen g. of mixed 
adsorbent in a 10 in. column is sufficient to purify, preliminary to the estimation of 
inositol, the extract obtained from 4g. fresh muscle. By this treatment, an inositol- 
containing solution is obtained in a purer condition than by the conventional pre- 


' cipitation procedures previously used. Inositol can be recovered quantitatively from 


the adsorbents by thorough washing. 

These results point to the value of ion exchange adsorbents in the separation and 
purification of substances from biological material. Their value and application will no 
doubt increase as improved adsorbents$ become available and their properties better 
known than at the present time. 


* Adams, B. A. & Holmes, E. L. [1935]. J. Soc. Chem. Ind. 54, 1. 

f Details of the method of estimation of inositol, based on the Malaprade periodate reaction for poly- 
hydroxy compounds, will be published later. 

{ Obtainable from Permutit Co., Ltd., to whom we are indebted, and especially to Mr E. L. Holmes, M.Sc., 
their chief research chemist, for specimens of adsorbents and for some advice as to their use. 

§ Myers, R. J., Eastes, W. E. & Myers, F. J. [1941]. Industr. Engng Chem. (Industr. ed.), 33, 697. 


Application of Chromatography to the Separation of Urinary Steroids. By 
N. H. CaLttow 


Chromatography has proved most useful for the separation of the complex mixture of 
steroids contained in the neutral fractions of urine extracts. About 0-5 g. of crude 
ketonic fraction as separated by Girard’s Reagent is absorbed into a column of alumina 
from carbon tetrachloride solution and the column is eluted first with CCl,, which 
removes several gummy fractions, and then with CCl, containing successively 0-1 and 
0-2 % of ethyl alcohol. Evaporation of 150-300 ml. portions of the solvent yields trans- 
dehydroandrosterone, androsterone and aetiocholan-3(«)-ol-17-one, in crystalline form, 
which after recrystallizations are identified by their melting points and by preparation 
of derivatives. These compounds account for rather less than half the 17-ketosteroid of 
the extract as determined colorimetrically. The androsterone isolated accounts for 
45-90 % of the androgenic activity of the extract as measured on capons. The chromato- 
graphic method has the advantage of being at least semi-quantitative, and is also very 
flexible. The method has been applied successfully by Dorfman* who obtained aetioallo- 
cholan-3(8)-ol-17-one, in addition to the three compounds above after the administration 
of testosterone, and by Wolfe, Fieser & Friedgood} who obtained in addition A*~* 
androstadien 17-one, 3-chloro-androsten-17-one, and a 3(«)-hydroxy-androsten-17-one. 


* Dorfman, R. I. [1941]. Proc. Soc. exp. Biol., N.Y., 46, 351. 
+ Wolfe, J. K., Fieser, L. F. & Friedgood, H. B. [1941]. J. Amer. chem. Soc. 63, 582. 


The Routine Chromatography of Fluorescent pigments in Urine. By R. A. 
Coutson, P. Ettincer, G. E. Guock and B. 8S. PLattr 


The investigation of the silver-blue pigment whose increased elimination in urine after 
intake of nicotinamide had been described by Najjar* made it necessary to examine 
daily a great number of urine samples. Differing from other blue or purple fluorescent 
pigments of the urine it is absorbed by base adsorbants, particularly by decalso, and 
eluted from it by neutral salt solutions, particularly by potassium chloride, from which 
it can be transferred into isobutanol by alkali. To simplify and speed up the original 
method of Najjar the following arrangement was adopted which might be of value for 
other routine work. 
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Stands were made from teak wood to support 12 thistle funnels each on top of test 
tubes. The lower ends of the funnels were blocked with glass wool. The funnels were 
filled with water and the minimum amount of adsorbent sufficient to adsorb completely 
the pigment concerned contained in 10 ml. urine (1 g. of decalso) was poured in and 
allowed to settle. 10 ml. urine were filtered through the column which was washed twice 
with 25 ml. water each; the pigment was eluted completely with 14 ml. KCl. This 
arrangement enabled one person to carry out 48 simultaneous examinations daily, more 
than four times as many as the Najjar method. 

* Najjar, V. A., Wood, N. W. [1940]. Proc. Soc. exp. Med. 44, 385. Najjar, V. A. & Holt, jr. L. E. [1941]. 
Science, 95, 20; Proc. Soc. exp. Med. 48, 413. 


Theory of Chromatography and Recent Advances in Technique. By A. J. P. Martin 


To separate very similar substances some magnification of the differences in their physical 
properties is needed. Where the properties in question involve distribution between two 
phases, counter-current fractionation achieves this magnification. The success of 
chromatography over simple adsorption is parallel to that of fractionating columns over 
simple distillation. 

The application of the ‘plate concept’ of distillation theory to the chromatogram 
makes possible a mathematical treatment, and shows the chromatogram to be of out- 
standing efficiency. This efficiency is inherent in the chromatographic arrangement, 
which is not tied to utilizing adsorption properties. Chromatographic separations based 
on the partition of solutes between two liquid phases* have proved their value, and the 
method may be found applicable to gas-liquid systems. 

Optimum separations require linear distribution isotherms. Deviations from these, 
from whatever cause, result in broadening of the bands. Tiselius’st ‘moving boundary’ 
modification of the adsorption chromatogram is an analytical rather than an isolative 
method and can utilize adsorbents having isotherms unsuitable for effecting complete 
separations. 


* Martin, A. J. P. & Synge, R. L. M. [1941]. Biochem. J. 35, 1358. 
j Tiselius, A. [1941]. Science, 94, 145. 


The Principles of Chromatography by Fractional Elution and its Application 
to Micro-Analysis. By H. WEetL-MALHERBE 


Let a solution of a single substance be passed through an adsorption column and the 
addition of pure solvent be continued until complete elution is attained: if the quantity 
of solute in the filtrate is plotted against the volume of the filtrate, a typical sigmoid 
curve is obtained, the ‘elution curve’. At first the filtrate consists of pure solvent 
corresponding to the phase of downward movement of the adsorption band in the 
column. After elution has started, its rate is linear until about 85% of the substance 
have been eluted and then gradually decreases. The quantity of pure solvent which leaves 
the column before and up to the beginning of elution shall be termed the ‘threshold 
volume’ (V,). 
V, increases with the quantity m of adsorbent used according to the equation 
V,=k.m", (1) 
where k and n are constants for a given system. This correlation was first found empirically. 
It can also be deduced by theoretical considerations and then it appears that, to a first 
approximation, n is identical with the reciprocal of the exponential factor of Freundlich’s 


= 
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adsorption isotherm. V, is independent of the total amount of adsorptive and also of 
the height and shape of the column. 

During the linear part of the elution the concentration of the eluate, ¢,, , equals that 
of a solution containing the total quantity of adsorptive, a, dissolved in V,: 


a 
Cy =>: (2) 
El. 


Disregarding the deviation from the straight line in the final phase of elution the quantity 
of solvent required for complete elution therefore equals 2V,, if reckoned from the 
beginning of the adsorption phase, or V,, if reckoned from the beginning of the elution 
phase. 


From (1) and (2) we obtain . 


(3) 


The concentration of the eluate therefore decreases with increasing weight of adsorbent, 
contrary to the theory of Wilson.* 

For a substance to be retained completely on a column it must be dissolved in a 
quantity of solvent <V,. If this condition is fulfilled, all elution curves are identical, 
whether the adsorption took place from a very concentrated or from a very dilute 
solution. Ifa solution > V, is added to a column, elution begins as soon as V; is exceeded 
and the concentration in the eluate is equal to that of the original solution. If V,=0, no 
adsorption can occur; the process is a simple filtration. 

The condition for a complete separation of a mixture of 2 substances by chromato- 
graphy in a single operation is that their V,, or k, should differ from each other by a 
factor 2 2, i.e. their elution curves must not overlap. 


* Wilson, J. N. [1940]. J. Amer. chem. Soc. 62, 1583. 


Partition Chromatography in Protein Chemistry: Amino-Acid Composition of 
Gramicidin. By A. H. Gorpon, A. J. P. Martin and R. L. M. Synee 


A further study of the partition behaviour of acetyl-monoamino-acids has enabled us 
to refine and extend the procedure for determining these.* In different solvent systems 
the ratios of the partition coefficients of a series of acetamino-acids differ widely. Taking 
advantage of this, by successive fractionation on silica gel chromatograms employing 
the solvent systems CHCl,-BuOH-H,O and cyclohexane-PrOH-H,O, the following 
amino-acids may be separately determined in the hydrolysate of a single 25 mg. sample 
of protein: phenylalanine, leucine isomers, valine, methionine, proline, tyrosine and 
alanine. In special circumstances glycine and trytophan may be semi-quantitatively 
determined. 

Analysis of the bactericidal peptide gramicidin by these techniques suggests, in 
conjunction with Hotchkiss’st data, that the molecule contains 6 residues each of 
leucine and tryptophan, 5 of valine, 3 of alanine, 2 of glycine and 2 of a hydroxyamino 
compound, making 24 residues in all. In the acid hydrolysate the leucine is predominantly 
d-, the alanine and tryptophan /-, and the valine racemic. 

A study of the partial hydrolysis productst of such peptides as gramicidin should help 
to elucidate the arrangement of residues in them and perhaps serve as an introduction 
to the more intricate problem of the structural sequences in true proteins. Partition 
chromatography is likely to prove useful in such work. 

* Martin, A. J. P. & Synge, R. L. M. [1941]. Biochem. J. 35, 1358. 


{ Hotchkiss, R. D. [1941]. J. biol. Chem. 1441, 171. 
t Cf. Gordon, A. H., Martin, A. J. P. & Synge, R. L. M. [1942]. Biochem. J. 36, Proc. p. 11. 
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The Establishment of the Identity or Non-identity of Consecutive Eluates in 
Chromatographic Adsorption Analysis. By P. ELLINGER 


The development of chromatograms by fractionated elution necessitates collection of 
fresh eluate samples as soon as the tint of the sample changes. This change can be due 
either to a change in concentration or to the presence or absence of a pigment absent or 
present in the preceding eluate. In order to pool identical material and keep separate 
non-identical samples, knowledge of identity or non-identity is essential. This can most 
easily be verified by comparing the spectra of both eluates, particularly at various depths 
of layer. An instrument ‘spectro-comparator’ was designed for this purpose by attaching 
a spectroscopic arrangement to an absorptiometer of the Duboseq type.* 

This has been used with advantage in the separation of the photoactive pigments of 
buckwheat.7 


* Ellinger, P. [1942]. Biochem. J. 36, 283. 
+ Ellinger, P., unpublished papers. Chick, H. & Ellinger, P. [1940]. Chem. & Ind. 59, 347; and [1941]. 
J. Physiol. 100, 212. 


Comments on the Partition Chromatogram of Martin and Synge. By E. Lester 
SMITH 


The efficiency of the partition chromatogram of Martin & Synge is less than their theory 
indicates. At least three separate factors tend to retard the upper and lower fringes of 
the bands. On development therefore their heads become sharper, but the tails tend to 
lag seriously. 

The first factor is adsorption of organic acids by the silica. It was eventually found 
that certain indicators used to mark the positions of the bands on the column are them- 
selves so strongly adsorbed that they almost prevent adsorption of fatty acids. This 
phenomenon is also fortunate in that it permits the use of indicators that would be 
extracted from the columns by the organic solvents if they were not adsorbed by the 
silica, e.g. brom cresol green, which is very satisfactory in the separation of the lower 
fatty acids. 

The second interfering factor is temporary neutralization of part of the acid by the 
alkali originally combined with the indicator. This effect should be minimized by using 
dilute solutions of indicator. In practice, however, dilute solutions of methyl orange do 
not display the bands well. This is probably due to the ‘insensitivity’ of methyl orange 
in presence of organic solvents. 

The third and most important factor is the change of partition coefficient with con- 
centration. A 10-fold decrease of concentration roughly doubles « for the lower fatty 
acids. As a result larger quantities of an acid travel faster than smaller quantities and 
tend to engulf or to push forward the next lower band. 

Nevertheless it is quite easy, using chloroform containing 1% butyl alcohol as solvent, 
to separate quantitatively formic, acetic, propionic, butyric and valerianic acids, even 
when alternate acids in the series are present at 20 times the concentration of the others. 
1% of acetic acid in propionic acid or 1% of formic acid in acetic acid can be detected, 
because the first acid in each case is held the more strongly in the column. If the pro- 
portions are reversed the lesser and lower band is engulfed by the main band. 

It is easily possible to distinguish the fatty acids from butter and margarine re- 
spectively by the butyric acid band given by the former. 
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Purification of Penicillin. By A. H. Coox 


Penicillin possesses such unusual lability that most chemical manipulations are pre- 
cluded in its purification and after attempting its concentration by orthodox chromato- 
graphy with little success, Professor Heilbron, Dr Cook and Dr Catch have developed 
a new chemico-chromatographic method which, for the first time, makes the purification 
of penicillin a rapid and simple process; the method is not restricted to penicillin, but is 
of general applicability. 

A solution of penicillin in an organic solvent such as ether is filtered through a column 
composed of a water-absorbing carrier (silica-gel) associated with a small amount of a 
base (an alkali or alkaline earth hydroxide or carbonate); the latter may be in solution 
in water retained by the carrier, in mechanical mixture, or as a precipitate on the carrier. 
Though the detailed processes may be obscure and difficult to treat mathematically in a 
satisfactory manner, they consist mainly in competition of organic acids for the base 
and then ‘development’ of the chromatogram by continuous partition of the free acid, 
present by dissociation in aqueous solution, between water and ether. The result is a 
stratification with stronger acids fixed in the upper part of the column, weaker ones 
moving slowly down to the lower part. Modifications and the reverse process of chromato- 
graphing bases on acid columns may be suggested but the simple procedure yields very 
satisfactory results with penicillin; the biologically active fraction is concentrated in a’ 
very narrow part of the column and material is easily obtained which prevents 50% 
of the growth of Staphylococcus aureus at a dilution of 1 part in 100 million parts of 
water. The most active material contains, when compared with a standard, 750 units 
of penicillin per mg. and prevents growth in a dilution of 1 part in 150 millions of water. 


xxiii 
| 


a 


| 


